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Original Article
I In nt tr ro od du uc ct ti io on n I n India, immunity to malaria is unstable, allowing people of all ages to become ill during an epidemic. In Karnataka state in 2005, 83,181 cases of malaria were reported, out of them, 21,984 were cases of Plasmodium falciparum. There were 26 malaria-related deaths. Dengue is a flu-like viral disease characterized by fever, rash, and muscle and joint pain. It is spread by the bite of infected Aedes mosquitoes carrying DEN-1, DEN-2, DEN-3, and DEN-4 virus strains of the flaviviradae family. In Southeast Asia, the estimated number of dengue cases is reported to be 20-30 million. In India, it is endemic as well as occasionally epidemic in metropolitan cities. 1 The chikungunya virus is a rare form of alpha virus, which is spread by Aedes mosquitoes and characterized by fever, rash, and arthralgia. In 2006, more than 1.25 million cases were reported in India, the majority of which were from the states of Karnataka and Maharashtra. 1 Anopheles mosquitos prefer to breed in clean water in and around houses. Aedes mosquitos prefer to breed in artificial collections of water, Culex mosquitoes prefer to breed in dirty water, and Mansonia prefers to breed in aquatic vegetations. A low literacy rate, especially in women, a lack of knowledge of the proper disposal of solid wastes, sewage and excreta, intermittent or inadequate water supply, the lack of drainage facilities, a high rate of unskilled workers and unemployment, an unhygienic lifestyle, slum and cluster dwellings, high population density, low per-capita income, and a poor knowledge regarding vector-borne diseases and mosquito breeding sites and their preventive measures are playing a pivotal role in the transmission and propagation of the vector-borne diseases in the area, viz. dengue, malaria, and chikungunya. Although people believed that the occurrence of fevers and mosquito breeding sites are interrelated, scientific study has not proven this. The present study aimed to establish this correlation.
M Ma at te er ri ia al l a an nd d M Me et th ho od ds s
Ethical clearance for the study was obtained from the Internal Ethical Committee for Biomedical Sciences of the National Institute of Unani Medicine, Bangalore, Karnataka, India.
S St tu ud dy y A Ar re ea a
The study was conducted in Bangalore, the capital of Karnataka, which is the third most populated and fifth-largest metropolitan city of India. The estimated metropolitan population of Bangalore city is 6.5 million. The study area was J.J.R. Nagar, popularly called Gouripalya, near the center of Bangalore.
T To oo ol ls s f fo or r C Co on nd du uc ct ti in ng g t th he e S St tu ud dy y Prestructured questionnaires were used for collecting data. These prestructured questionnaires had three parts: A, B, and C (Appendix). Part A was based on information regarding sociodemographic profile and questions regarding the history of fever. All 670 subjects answered Part A of the questionnaire, and only those who reported fever for fewer than 21 days completed Part B, which included questions regarding malaria, dengue, chikungunya, and other fevers. Those giving such history were asked about the treatment history in the respective primary health centers (PHCs). The surveyor recorded the temperature of febrile cases by digital thermometer and reviewed the treatment record cards given to each patient by their nearest PHC. The surveyor answered questions 14-36 of Part B after taking a history and conducting a clinical examination. The causes of the fevers were identified either as malaria, dengue, chikungunya, or other fevers. Part C contained information on mosquito breeding sites in the specific locality. The surveyor completed this part after observing breeding sites in and around dwellings. These were classified as domestic, peridomestic, or external. The surveyor collected samples from these sites and recorded the larva sample number and its volume. The samples were later taken to National Institute of Malaria Research (NIMR), where the species of mosquito were identified.
Patients who were included in the study were informed of the purpose of research and investigations to be conducted upon them and were asked to complete a consent form.
I In nv ve es st ti ig ga at ti io on ns s: : The following investigations were carried out in each patient to confirm the diagnosis.
• Serum IgM for dengue antibody by ELISA method • Serum IgM for chikungunya antibody by ELISA method • Thick and thin blood films for malaria parasites by stereoscopic binocular microscope in 100x oil immersion lens.
IgM (ELISA) is the only diagnostic tool in India for dengue and chikunguniya in community-based research. All patients became IgM positive within seven to ten days for chikunguniya and within seven days for dengue.
S St tu ud dy y t ty yp pe e: : Cross-sectional S St tu ud dy y d de es si ig gn n: : Observational, analytical D Du ur ra at ti io on n o of f t th he e f fi ie el ld d s st tu ud dy y: : six months (September 2008 to February 2009) S Sa am mp pl le e s si iz ze e: : The Breteau index of the dengue is considered 13 percent as the hypothetical lower limit for transmission of dengue. 2 Sample size was estimated by applying B.K. Mahajan "Methods in Biostatistics" sampling formula for quantitative and qualitative data. 3 M Me et th ho od ds s o of f c co ol ll le ec ct ti io on n o of f d da at ta a: : The data were collected by a house-to-house survey in the study area. Prior permission was obtained from the local governing authority. Simple randomization method was considered suitable for collection of data. Necessary help was requested from the local voluntary organization in translating questionnaires into Kannada and other languages and also in motivating the residents to participate in the study. The area of the study in Gouripalya included 200 houses and 1,200 dwellers, consisting of migrant workers, temporary dwellers, and permanent dwellers. One hundred and sixty-two of the 200 houses were surveyed. The remaining 38 houses were found closed during the survey period. The 162 houses had 670 dwellers of all ages and of both sexes. The subjects filled out Part A of the questionnaires. The surveyor filled out the questionnaires of those who could not complete theirs due to illiteracy or age.
M Me et th ho od ds s f fo or r c co ol ll le ec ct ti io on n o of f t th he e b bl lo oo od d s sa am mp pl le e: : Blood samples were collected in a 5-ml disposable single-use syringe, and the blood was divided into two different test tubes viz. heparinized Vacuette with stopper (4 ml, NH sodium heparin 13x75; 2008-09, Greiner Bio One GmbH, Bad Halter Str; Kremsmunster, Austria) and a nonheparinized tube. The heparinized tubes were used to prepare thick and thin blood films to observe the malaria parasites, and the nonheparinized test tubes were used for the detection of dengue and chikungunya IgM antibodies. Heparinized test tubes were sent to NIMR Bangalore with proper labeling. Nonheparinized tubes were sent to Public Health Institute (PHI) in Bangalore for the detection of dengue and chikungunya IgM antibodies.
M Me et th ho od ds s f fo or r e ex xa am mi in na at ti io on n o of f b bl lo oo od d s sa am mp pl le es s f fo or r m ma al la ar ri ia a p pa ar ra as si it te es s: : Dehemoglobinized thick films and methanol-fixed thin films were stained with JSB2 and JSB1 and dried properly. The slides were examined under the high power of a binocular stereoscopic microscope for the identification of malarial parasites. Results were recorded as positive for Pf, Pv, Po, or Pm for Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, or Plasmodium malarae, respectively. 4, 5 M Me et th ho od ds s f fo or r d de et te ec ct ti io on n o of f d de en ng gu ue e a an nd d c ch hi ik ku un ng gu un n--y ya a a an nt ti ib bo od di ie es s: : Nonheparinized blood samples were tested using ELISA kits supplied by the National Institute of Virology, Pune, in PHI, Bangalore. The results were recorded dichotomously as positive or negative.
M Me et th ho od ds s f fo or r c co ol ll le ec ct ti io on n o of f w wa at te er r s sa am mp pl le es s f fo or r l la ar r--v va al l d de et te ec ct ti io on n: : The samples were collected from small containers such as plastic pots, coconut shells, tires, and mud pots by emptying water into a plastic container (300 ml capacity with tight cap). When the water container or drums were so large that emptying was not possible, the samples were collected by passing a strainer to the bottom of the container. The strainer with larvae was immersed into a plastic container with water. Samples from stagnant drains were collected with a plastic dipper (100-ml capacity). Samples were collected from cement tanks and other big reservoirs by passing a fine strainer with small pore base meshes into the water and then putting the sample in the plastic container with water. A torch was used in the dark, when the floor of the containers or reservoirs was not clearly visible. After that, the larval samples were sent to the NIMR in Bangalore with proper labeling (e.g. house number, types of container/reservoirs, date of collection, larvae sample number). Larvae were allowed to emerge into adult mosquitos for the identification of species.
M Me et th ho od ds s f fo or r a as ss se es ss sm me en nt t o of f l la ar rv va al l s sa am mp pl le e: : Larval samples were kept in a room at 26±2.0°C temperature and 75±5% humidity with larval feeding, consisting of a dog biscuit and yeast, and covered with mosquito cages. After two to three days, larvae became adult mosquitos after passing through pupa and molt stages. They were caught using a suction tube and anesthetized. Then the mosquitoes were put on microscopic slide for species identification.
A An na al ly ys si is s o of f D Da at ta a: Collected data were analyzed by Pearson-Correlation test.
R Re es su ul lt ts s
Out of the 670 subjects filling out Part A of the questionnaires, 142 (21.1%) had fevers of <21 days and signed the consent forms that constitute the study subjects. However, two patients did not agree to give blood samples but agreed to complete the questionnaire. Therefore, only 140 blood samples were collected. There were 38 men and 104 women. The subjects ranged from young children to adults age 89. Eleven subjects suffered from malaria, three from dengue, and 33 from chikungunya. The other 95 patients suffered from other causes of fever. Malaria was caused by P. falciparum in four, by P. vivax in six and by both in one patient. P. malariae and P. ovale were not found in any of the patients. Tables 1-8 show the distribution of fever cases according to the age, occupation, socioeconomic status, duration, and grade of fever (no patients had a temperature above 39.0°C or 104.0°F), types of fever, signs and symptoms, and joint pain. Tables 9 and 10 show the distribution of patients by sex and education. Two hundred twenty-four water samples were collected for larvae study. Of these, 185 samples were collected from domestic sites, and 31 (16.8%) were found positive for larvae. Thirty-three samples were collected from peridomestic sites, and 14 (42.4%) were found positive for larvae. All the six samples from external sites were positive for larvae (Table   11 ). The number of positive larvae samples were significantly correlated with domestic and peridomestic breeding sites (r=0.999, p=0.0015, and r=0.996, p=0.0036, respectively, but not with external breeding sites (Table 12) . A total of 51 samples were positive for larvae. Out of these, 37 were positive for Aedes, 12 were positive for Anopheles, and two were positive for Culex. Table 13 shows the relationship between the fever diagnosis and larvae type (r=0.999, p=<0.0001). Culex mosquitoes only transmit lymphat- D Di is sc cu us ss si io on n The present study was conducted to find out the relationship between fevers and mosquito breeding sites and thereby vector density. The study statistically proved the hypothesis of Greco-Roman and Arab physicians that fever mostly occurs in marshy, wet, humid, and rainfall dominant areas or swamps.
One study conducted in Calcutta, India, 10 years ago, revealed that 4.4 percent of 379 blood samples were positive for chikungunya. However, in our study 33 (23.6%) sero-samples were found positive for chikungunya. The difference between the two studies may be due to repeated epidemic outbreaks of chikungunya fever in Karnataka during the last few years.
In our study, 22.8 percent of larvae samples were positive for larvae of Anopheles, Aedes, and Culex species. One study conducted in rural area of Bangalore by N. Issacs 2 reported that 6.7 percent of larvae samples were positive for Aedes, but our study showed that 16.5 percent of larval samples were positive for Aedes. It may be due to poor environmental sanitation in the studied urban area. A total of 224 larval samples were collected for the study, and out of them 51 samples were positive for larvae; therefore, the container index of the study area was 22.8 percent. Out of 51, 37 were positive for Aedes, 12 T Ta ab bl le e 4 4a a. . D Di is st tr ri ib bu ut ti io on n o of f p pa at ti ie en nt ts s a ac cc co or rd di in ng g t to o d du ur ra a--t ti io on n o of f f fe ev ve er r D Da ay ys s N Nu um mb be er r P Pe er rc ce en nt t T Ta ab bl le e 4 4b b: : D Di is st tr ri ib bu ut ti io on n o of f p pa at ti ie en nt ts s a ac cc co or rd di in ng g t to o g gr ra ad de e o of f f fe ev ve er r G Gr ra ad de e T Te em mp p( ( 0 0 F F) ) N Nu um mb be er r P Pe er rc ce en nt t were positive for Anopheles, and two were positive for Culex. Out of 37 Aedes larvae, 27 were Aedes aegypti, six were Aedes vittatus, and four were Aedes albopictus. All 12 of the Anopheles were female Anopheles stephensi. The two Culex larvae were Culex quinquefasciatus. We conclude that the Aedes aegypti was the main vector for transmission of dengue and chikungunya, Anopholes stephensi is the urban vector for transmission of malaria, which is in agreement with previous studies. [6] [7] [8] [9] Culex is the vector for lymphatic filariasis in India, which was not observed in our study samples.
In conclusion, this study proved a definite relationship between studied vector-borne fevers and T Ta ab bl le e 1 10 0. . D Di is st tr ri ib bu ut ti io on n o of f p pa at ti ie en nt ts s a ac cc co or rd di in ng g t to o e ed du uc ca at ti io on na al lu ua al li if fi ic ca at ti io on n a an nd d d di ia ag gn no os si is s T Ta ab bl le e 1 13 3. . R Re el la at ti io on n b be et tw we ee en n f fe ev ve er r d di ia ag gn no os si is s a an nd d l la ar rv va ae e t ty yp pe e D Di ia ag gn no os si is s P Po os si it ti iv ve e l la ar rv va ae e 
